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Description 

[ORGANIC LIGHT EMITTING DEVICE] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92112286, filed May 06, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhe present invention relates to an organic light emitting 
device. More particularly, the present invention relates to 
an organic light emitting device that can increase the life- 
time of the device using thereof. 

[0004] Description of the Related Art 

[0005] Organic light emitting device ("OLED") is a device that can 
transfer electric energy to photo energy with high trans- 
formation efficiency. The conventional usage of an OLED 
includes in light guiding devices, display panels, light 
emitting devices of optical pick-up head and so on. Since 
the OLED offers a lot of advantages, such as wide viewing 



angle, fast response speed, wide operation temperature 
range, less power consumption, full color display, low cost 
and simple manufacturing process, the OLED has become 
a major trend in the development of a macromedia display 
device in recent years. 
[0006] FIG. 1 is a cross-sectional view illustrating the basic con- 
struction of a conventional OLED which includes a sub- 
strate 100, an anode layer 102, a hole transport layer 106, 
an organic light emitting layer 108, an electron transport 
layer 110, and a cathode layer 114. As shown in FIG. 1, 
the anode layer 102 is an indium tin oxide ("ITO") elec- 
trode layer, and the cathode layer 114 is a metal electrode 
layer. When a forward bias is applied to both ends of the 
electrode layers, the electrons and holes are injected from 
the metal electrode layer 114 and the ITO electrode layer 
102 into the organic light emitting layer 108 respectively. 
The negative charge carriers (electrons) and the positive 
charge carriers (holes) will combine in the organic light 
emitting layer 108 through a radiative combination pro- 
cess, and emit photons. However, the hole mobility is 
about 2 to 3 orders larger than the electron mobility in 
conventional OLED. Consequently, in order to balance the 
mobility of holes and electrons, a hole injection layer 104 



is disposed in between the ITO electrode layer 102 and 
the hole transport layer 106, and an electron injection 
layer 112 is disposed in between the metal electrode layer 
114 and the electron transport layer 110. The formation 
of the injection layers thus help attain a balanced number 
of hole carriers and electron carriers. 
[0007] Nevertheless, even though the number of carriers are bal- 
anced, charge will accumulate in the hetero-junction in- 
terfaces of the hole transport layer 106 and the electron 
transport layer 110. As a consequence the physical and 
electronic properties of the OLED will be degraded, and 
the lifetime of the device using the OLED will also be de- 
creased. 
Summary of Invention 

[0008] Accordingly, one object of the present invention is to pro- 
vide an OLED which can solve the hetero-junction inter- 
face issue, and increase the lifetime of a device using the 
OLED. 

[0009] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, an OLED including an anode 
layer, a first mixing layer, a mixing layer, a second mixing 
layer, and a cathode layer is provided. In the embodiment, 



the anode layer is formed over a substrate, the first mix- 
ing layer is formed on the anode layer, the mixing layer is 
formed on the first mixing layer, the second mixing layer 
is formed on the mixing layer, and the cathode layer 
formed over the second mixing layer. The first mixing 
layer includes, but not limited to, a mixture of a hole 
transport material and an electron transport material. The 
mixing layer includes, but not limited to, a mixture of an 
organic light emitting material, the hole transport material 
and the electron transport material. The second mixing 
layer includes, but not limited to, a mixture of the hole 
transport material and the electron transport material. 

[0010] | n a preferred embodiment of the invention, when the vol- 
ume ratio of the hole transport material to the electron 
transport material in the mixing layer is X%, there is a 
gradual decrease in the volume ratio of hole transport 
material to the electron transport material in the first 
mixing layer from 99% to X% starting from the surface ad- 
hered to the anode layer. Whereas, the volume ratio of 
hole transport material to the electron transport material 
in the second mixing layer increases gradually from X% to 
99% starting from the surface adhered to the mixing layer. 

[001 1] | n a preferred embodiment of the invention, when the vol- 



ume ratio of the hole transport material to the electron 
transport material in the mixing layer is 50%, the molar 
ratio of hole transport material to the electron transport 
material in the first mixing layer decreases gradually from 
99% to 50% starting from the surface adhered to the an- 
ode layer. Whereas the volume ratio of hole transport ma- 
terial to the electron transport material in the second 
mixing layer increases gradually from 50% to 99% starting 
from the surface adhered to the mixing layer. 
[0012] jo achieve these and other advantages and in accordance 
with the purpose of the invention, another OLED including 
an anode layer, a hole transport layer, a mixing layer, an 
electron transport layer and a cathode layer is provided. 
The anode layer is formed over a substrate, and the hole 
transport layer is formed over the anode layer. Moreover, 
the mixing layer is formed over the hole transport layer, in 
which the mixing layer is a mixture of an organic light 
emitting material, a hole transport material and an elec- 
tron transport material. In addition, the volume ratio of 
the hole transport material to the electron transport ma- 
terial in the mixing layer decreases gradually from 99% to 
1% starting from the surface adhered to the hole transport 
layer. Following, the electron transport layer is formed 



over the mixing layer and a cathode layer is formed over 
the electron transport layer. Therefore, another OLED is 
provided in the disclosed invention. 

[0013] Accordingly, in the invention, the first mixing layer and 
the second mixing layer are provided to replace the hole 
transport layer and the electron transport layer, whereas 
the mixing layer (using a mixture of an organic light emit- 
ting material, a hole transport material and an electron 
transport material) is provided to replace the single or- 
ganic light emitting layer 108 in FIG.l found in conven- 
tional OLED. In this manner, the issue of charge accumu- 
lation in the hetero-junction interface, which is the junc- 
tion between the hole and the electron transport layer, 
can be solved and the lifetime of the device using thereof 
can be increased. 

[0014] Moreover, as another aspect of the invention, the volume 

ratio of hole transport material to the electron transport 
material in the mixing layer is gradually changing. Thus, 
the disclosed OLED of the invention can increase the life- 
time of a device using thereof. 

[0015] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 



the invention as claimed. 
Brief Description of Drawings 

[0016] jhe accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0017] FIG. 1 is a cross-sectional view illustrating the basic con- 
struction of a conventional OLED. 

[0018] FIG. 2 is a cross-sectional view illustrating an OLED of a 

preferred embodiment of the present invention. 

[0019] FIG. 3 is a cross-sectional view illustrating an OLED of an- 
other preferred embodiment of the present invention. 
Detailed Description 

[0020] jhe present invention now will be described more fully 

hereinafter with reference to the accompanying drawings, 
in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in 
many different forms and should not be construed as lim- 
ited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will be 



thorough and complete, and will fully convey the scope of 
the invention to those skilled in the art. Like numbers re- 
fer to like elements throughout. 

[0021] FIG. 2 is a cross-sectional view illustrating an OLED of a 

preferred embodiment of the present invention. Referring 
to FIG. 2, the present invention provides an OLED includ- 
ing a substrate 100, an anode layer 102, a first mixing 
layer 202, a mixing layer 200, a second mixing layer 
204, and a cathode layer 114. 

[0022] | n the embodiment described above, the substrate 100 is, 
for example but not limited to, a glass substrate or a 
plastic substrate. The anode layer 102 is formed over the 
substrate 100. In a preferred embodiment of the inven- 
tion, the material of the anode layer 102 includes a trans- 
parent conductivity material such as indium tin oxide 
("ITO"), or a non-transparent conductivity material. 

[0023] | n FIG. 2, the first mixing layer 202 is formed over the an- 
ode layer 102, the mixing layer 200 is formed on the first 
mixing layer 202, the second mixing layer 204 is formed 
on the mixing layer 200, and the cathode layer 114 is 
formed over the second mixing layer 204. 

[0024] in a preferred embodiment of the invention, a material of 
the first mixing layer 202 is a mixture of a hole transport 



material and an electron transport material. A material of 
the mixing layer 200 is a mixture of an organic light emit- 
ting material, a hole transport material and an electron 
transport material. A material of the second mixing layer 
204 is also a mixture of a hole transport material and an 
electron transport material. 
[0025] Particularly, in the preferred embodiment of the invention, 
when the volume ratio of the hole transport material to 
the electron transport material in the mixing layer 200 is 
X%, the volume ratio of the hole transport material to the 
electron transport material in the first mixing layer 202 
decreases gradually from 99% to X% starting from the sur- 
face adhered to the anode layer 102. In other words, in 
the first mixing layer 202, while getting near to the anode 
layer 102, the percentage of the hole transport material 
increases, and while getting far away from the anode layer 
102, the percentage of the hole transport material will de- 
crease. Moreover, the volume ratio of hole transport ma- 
terial to the electron transport material in the second 
mixing layer 204 increases gradually from X% to 99% 
starting from the surface adhered to the mixing layer 200. 
In other words, in the second mixing layer 204, while get- 
ting near to the mixing layer 200, the percentage of the 



electron transport material will decrease, and vice versa. 
[0026] | n a preferred embodiment of the invention, the volume 

ratio of the hole transport material to the electron trans- 
port material in the mixing layer 200 is 50%. Then, the 
volume ratio of the hole transport material to the electron 
transport material in the first mixing layer 202 decreases 
gradually from 99% to 50% starting from the surface ad- 
hered to the anode layer 102. And the volume ratio of the 
hole transport material to the electron transport material 
in the second mixing layer 204 increases gradually from 
50% to 99% starting from the surface adhered to the mix- 
ing layer 200. 

[0027] | n a preferred embodiment of the invention, the material 
of the cathode layer 114 formed over the second mixing 
layer 204 includes a non-transparent conductivity mate- 
rial, or a transparent conductivity material. 

[0028] | n a preferred embodiment of the invention, it is prefer- 
ably to further include the formation a hole injection layer 
104 between the anode layer 102 and the first mixing 
layer 202, and the formation an electron injection layer 
112 between the cathode layer 114 and the second mix- 
ing layer 204. When the hole injection layer 104 and the 
electron injection layer 112 are formed in the device, the 



electronic property and the efficiency of the device can be 
increased. 

[0029] | n the embodiments of the invention described above, a 

layer is formed by mixing the hole transport material and 
the electron transport material with a volume ratio gradu- 
ally changing accordingly along the layer thickness, which 
is used to replace a layer of the conventional technology 
formed by using a single hole transport material or a sin- 
gle electron material. Moreover, the material of the mixing 
layer of the invention is also a mixture of an organic light 
emitting material, a hole transport material and an elec- 
tron transport material, which mixing layer is used to re- 
place the single organic light emitting material of the con- 
ventional technology. Thus, the first mixing layer, the 
second mixing layer and the mixing layer can solve the 
hetero-junction interface issue and avoid the accumula- 
tion of the carriers on the junction interface between het- 
ero-junction interfaces. Therefore, the OLED of the inven- 
tion can increase the lifetime of a device using thereof. 

[0030] FIG. 3 is a cross-sectional view illustrating an OLED of an- 
other preferred embodiment of the present invention. Re- 
ferring to FIG. 3, the present invention provides an OLED 
including a substrate 100, an anode layer 102, a hole 



transport layer 106, a mixing layer 300, a electron trans- 
port layer 110, and a cathode layer 114. 

[0031] | n the embodiment described above, the substrate 100 is, 
for example but not limited to, a glass substrate or a 
plastic substrate. The anode layer 102 is formed on the 
substrate 100. In a preferred embodiment of the inven- 
tion, the material of the anode layer 102 includes a non- 
transparent conductivity material or a transparent con- 
ductivity material. 

[0032] | n FIG. 3, the hole transport layer 106 is formed over the 
anode layer 102. The mixing layer 300 is formed on the 
hole transport layer 106, where a material of the mixing 
layer 300 is a mixture of an organic light emitting mate- 
rial, a hole transport material and an electron transport 
material. The volume ratio of the hole transport material 
to the electron transport materials in the mixing layer 300 
decreases gradually from 99% to 1% starting from the sur- 
face adhered to the hole transport layer 106. Thus, in the 
mixing layer 300, the percentage of the hole transport 
material is much higher than that of the electron transport 
material in the surface adhered to the hole transport layer 
106. And the percentage of the electron transport mate- 
rial is much higher than that of the hole transport material 



in the region far away from the hole transport layer 106. 

[0033] Moreover, the electron transport layer 110 is formed on 
the mixing layer 300, and the cathode layer 114 is formed 
over the electron transport layer 110, and a material of 
the cathode layer 114 includes a non-transparent con- 
ductivity material or a transparent conductivity material. 

[0034] | n a preferred embodiment of the invention, it is prefer- 
ably to further include forming a hole injection layer 104 
between the anode layer 102 and the hole transport layer 
106, and forming an electron injection layer 112 between 
the cathode layer 114 and the electron transport layer 
110. When the hole injection layer 104 and the electron 
injection layer 112 are formed in the device, the electronic 
property and the efficiency of the device can be increased. 

[0035] Moreover, since the material of the mixing layer 300 of 

the invention is a mixture of an organic light emitting ma- 
terial, a hole transport material and an electron transport 
material, and the volume ratio of the hole transport mate- 
rial to the electron transport material inside is gradually 
changing. Thus, the OLED of the invention can increase 
the lifetime of a device using thereof. 

[0036] Accordingly, in the invention, the first mixing layer and 
the second mixing layer are provided to replace the hole 



transport layer and the electron transport layer; and the 
mixing layer using a mixture of an organic light emitting 
material, a hole transport material and an electron trans- 
port material is provided to replace the single organic 
light emitting material of the conventional organic light 
emitting layer. Thus, the issue of charge accumulation at 
the hetero-junction interface which is the junction be- 
tween the hole and the electron transport layers can be 
solved, and the lifetime of a device using the OLED pre- 
sented in the invention can be increased. 

[0037] Moreover, the mixing layer of the invention using a mix- 
ture of an organic light emitting material, a hole transport 
material and an electron transport material is provided to 
replace the conventional organic light emitting layer, and 
the volume ratio of the hole transport material to the 
electron transport materials inside is gradually changing. 
Thus, the OLED of the invention can increase the lifetime 
of the device using thereof. 

[0038] it w j|| be apparent to those skilled in the art that various 

modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 



variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



